Properties of X(3872) are studied by regarding it as a DD * hadronic molecule with J P C = 2 −+ in the phenomenological Lagrangian approach. We find that our model with about 97.6% isospin zero component explains the existing data nicely, for example, the ratio B(X(3872) → J/ψπ + π − π 0 )/B(X(3872) → J/ψπ + π − ). We predict the partial widths of the radiative decays of X(3872) → γJ/ψ, γψ(2S) and the strong decays of X(3872) → J/ψπ + π − , J/ψπ + π − π 0 as well as X(3872) → χcJ π 0 . Our analysis shows that the measurement of the ratio B(X(3872) → χc0π 0 )/B(X(3872) → χc1π 0 ) may signal the nature of X(3872).
Properties of X(3872) are studied by regarding it as a DD * hadronic molecule with J P C = 2 −+ in the phenomenological Lagrangian approach. We find that our model with about 97.6% isospin zero component explains the existing data nicely, for example, the ratio B(X(3872) → J/ψπ + π − π 0 )/B(X(3872) → J/ψπ + π − ). We predict the partial widths of the radiative decays of X(3872) → γJ/ψ, γψ(2S) and the strong decays of X(3872) → J/ψπ + π − , J/ψπ + π − π 0 as well as X(3872) → χcJ π 0 . Our analysis shows that the measurement of the ratio B(X(3872) → χc0π 0 )/B(X(3872) → χc1π 0 ) may signal the nature of X(3872). X(3872) is one of the mysterious exotic states which was observed by the Belle Collaboration in the exclusive B ± → K ± π + π − J/ψ decays in 2003 [1] . Later, this state was confirmed by the CDF [2] , the D0 [3] and the BaBar [4] [5] [6] Collaborations. The observation of its decay channels γJ/ψ [5, 7] and γψ(2S) [8] indicates that X(3872) has a positive charge parity. By analyzing the invariant π + π − mass distribution [9] and the total angular distribution [10] of the J/ψπ + π − decay mode, the CDF Collaboration has narrowed its possible spin-parity (J P ) to be 1 + or 2 − . The X(3872) is identified as an "exotic" state because its observed mass does not fit into the quark model predictions for the charmonium states [11] [12] [13] and, the branching fraction of X → Jψω → J/ψπ + π − π 0 and X → Jψρ → J/ψπ + π − is almost equal. In the literature, X(3872) has been interpreted as a ccg hybrid state [14, 15] , a diquarkantidiquark state [16] , a cc and meson cloudy mixing state [17] [18] [19] [20] or a deuteron-like molecular state concerning its mass is approximate to the threshold of D 0 D * 0 [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . In addition, this state has also been studied with the coupling channel approach [35] [36] [37] . For other studies of X(3872) with J P C = 1 ++ , see the recent review Refs. [38, 39] and the references therein.
Recently, the analysis of the X(3872) → J/ψω → J/ψπ + π − π 0 decay mode by the BaBar Collaboration [6] indicated that X(3872) favors a negative parity, i.e., J P C = 2 −+ . Then, the radiative decays of X(3872) → γJ/ψ, γψ(2S) were studied by assuming X(3872) with J P C = 2 −+ as the η c2 (1D) [40] and it was found that the data cannot be interpreted. This indicates that X(3872) may be an exotic state.
In this paper, we study the decay properties of X(3872) in the effective Lagrangian approach by regarding it as a DD * molecule with J P C = 2 −+ . We use the method which was proposed by one of us in the previous work [41] [42] [43] and was applied to study the properties of X(3872) with quantum numbers J P C = 1 ++ [18, 32, 33] and other exotic states [44] [45] [46] . The composite state X(3872) is defined via the compositeness condition Z = 0 which was originally used in the study of deuteron [47, 48] which is a bound state of proton and neutron with Z = 0 as the wave function renormalization constant of the composite particle.
We write the wave function of X(3872) as
which is in terms of charge eigenstate. Or equivalently, one may regard the observed X(3872) as a mixing state of I = 0 and I = 1 states, i.e., |X(3872) = cos φ|X(3872) I=0 + sin φ|X(3872) I=1 ,
with cos θ = (cos φ + sin φ)/ √ 2 and sin θ = (cos φ − sin φ)/ √ 2 and 
|X(3872)
We find, using the two parameters, the mixing angle φ between the isospin singlet and triplet components introduced in Eq. (2) and the size parameter Λ X introduced in the following to illustrate the distribution of the constituents in the molecule, we can explain the date quite well. From the magnitude of the mixing angle φ which was fitted from the data, we see that, in the wave function of X(3872), the isospin singlet component is dominant which is consistent with the analysis from the phase space. That is, in case of X(3872) as a tensor meson, the phase space of the decay X(3872) → J/ψπ + π − π 0 is about one percent of that of the decay X(3872) → J/ψπ + π − so only few percent of isospin one component in X(3872) can accommodate the large isospin violating partial width. We also explicitly calculated other decay widths of X(3872) → γJ/ψ, γψ(2S) and X(3872) → χ cJ π 0 (J = 0, 1, 2) using these two fixed parameters. Comparing our results with the more precise data observed in the future, one can determine the structure of X(3872). For example, if the future data are not consistent with our present results, there may be J/ψω, J/ψρ or/and cc components in the X(3872) wave function. This paper is organized as follows: In Sec. II, we propose the theoretical framework applied in our calculation. In Sec. III we give the formalism for the strong and radiative decays of X(3872) explicitly. Sec. IV is our numerical results and discussions and the last section is our conclusion.
II. THE THEORETICAL APPROACH
As was mentioned above, we regard X(3872) as a DD * bound state with J P C = 2 −+ with the explicit wave function (1). Following Ref. [49] , one has the free Lagrangian for tensor field as
where the symmetric tensor X µν = X νµ denotes the J P C = 2 −+ field for X(3872) and
with m X being the mass for X(3872). The propagator for X µν (3872) is obtained as
Taking into account the quantum numbers of X(3872) and its constituents DD * , one can write down the effective Lagrangian describing the interaction between X(3872) and its constituents as
where g N X is the effective coupling constant for the interaction between X(3872) and its neutral constituents (
is for the interaction between X(3872) and its charged constituents (
. ω v and ω p are mass ratios with definitions
where m D and m D * are masses of the constituents pseudoscalar meson D and vector meson D * , respectively. In the Lagrangian (7), to illustrate the finite size of the molecule, the function Φ X ((x 1 − x 2 )
2 ) with the Fourier transform
has been introduced. And, for simplicity, we have defined the tensor C µν as a function of the constituents with the explicit form in terms of the neutral constituents as
Substituting the fields D 0 and D * 0 with the corresponding charged ones, one can get the explicit form of C C µν . Relation between the mixing angle θ defined in Eq. (1) and the coupling constant g
can be yielded with the help of the compositeness condition Z X = 0 with Z X as the wave function renormalization constant of X(3872). Z X is defined as the residual of X(3872) propagator, i.e.,
where g 2 X Σ X (p 2 ) relates to the mass operator via the relation
with " · · · " denoting terms do not contribute to the mass renormalization of X(3872). The mass operator of X(3872) is illustrated in Fig. 1 . Explicitly, we have the following relations between the mixing angle θ and g 
where Σ N X corresponds to the case with neutral constituents but Σ C X corresponds to the case with charged constituents. The mass operator can be calculated from the Feynman diagram depicted in Fig. 1 . In our calculation we applied the Gaussian form ofΦ X (p 2 ), i.e.,Φ
with the size parameter Λ X introduced to parameterize the distribution of the constituents inside the molecule. In the following calculation, we will take Λ X as a free parameter and fix it from the data. Because of the uncertainty of the X(3872) mass measurement, we express the mass of X(3872) in terms of the binding energy as
where ∆E > 0 is the binding energy and m D * 0 = 2006.97 MeV and m D 0 = 1864.84 MeV [50] . In the following calculation, we take ∆E = 0.5, 1.0 and 1.5 MeV.
To calculate the strong decays, we will use the effective Lagrangian including the following terms
where ψ n denotes J/ψ and ψ(2S) vector mesons, π and ρ stand for the pion and rho meson triplets respectively and
T are the pseudoscalar and the vector charmed meson doublets respectively.
In Ref. [51] , the coupling constants g D * D * V and g DDV were determined with the help of the VMD, i.e.,
Using the VMD and the partial widths Γ(J/ψ → e + e − ) = 5.55 KeV and Γ(ψ(2S) → e + e − ) = 2.38 KeV [50] , we have
From the HHChPT including vector mesons within the hidden local symmetry method [52] [53] [54] (see Ref. [55] for an equivalent approach), one can yield the following relation for the coupling constants [54] 
where g is the universal coupling constant introduced in the hidden local symmetry method with g = 5.8 ± 0.91. And, λ gives the coupling of the light vector meson with the heavy states and as analyzed in Ref. [54] , λ = −0.41 GeV −1 . Finally, we get g D * Dω = g D * Dρ = −1.23 GeV −1 . As was discussed in Ref. [41] , we fix the coupling constant g D * Dπ from the partial width for the decay of D * → Dπ which leads to g D * Dπ = 17.9. g D * D * π is related to g D * Dπ via HHChPT [56] , i.e.,
In Ref. [57] , the HHChPT for the interaction of charmonium with open charm mesons was constructed. From this theory, one can yield the following relations for the coupling constants
with the expression for g 1 as
where f χc0 is defined via the relation 0|cc|χ c0 (p) = f χc0 m χc0 and the QCD sum rules yield f χc0 = 510 MeV [58] . So that we have g 1 = −2.09 GeV −1/2 . The electromagnetic interaction Lagrangian applied in our calculation can be decomposed as
The effective Lagrangian L NL em is yielded by substituting C C µν in Eq. (7) with C C; gauge µν with the explicit form
where the Wilson's line I(x, y, P ) is defined as
In the following calculation, the nonlocal vertex with one photon is necessary. This vertex comes from two sources: One is from the covariant derivative and the other one is from the expansion of the Wilson's line. One can easily derive the Feynman rule for the nonlocal vertex with one-photon coming from the covariant derivative. But to derive the Feynman rule for the photon from Wilson's line, one may use the path-independent prescription suggested in [59] [60] [61] . L gauge em
is from the gauged kinetic terms of the charged constituents D * + and D + , i.e.,
And L D * Dψnγ is obtained by gauging the derivative coupling of the D * Dψ n vertex in Eq. (15)
withD * − αβ defined via the covariant derivative asD * −
From the partial width for the decay D * → Dγ one can determine the coupling constant g D * Dγ . Using the data
With respect to the isospin invariance, the decay
. And considering the fact that the branching ratios for the decays [50] , one can yield the coupling constant g D * 0 Dγ ≃ 0.51 GeV −1 . The relative sign between these two terms are fixed as in Ref. [62] .
III. STRONG AND RADIATIVE DECAYS OF X(3872)
A. Radiative X(3872) → γJ/ψ and X(3872) → γψ(2S) decays
In this part, we study the radiative decays of X(3872). Taking into account the quantum numbers of the initial and final states, one can write the most general form of the gauge invariant matrix element for the electromagnetic decay of X(3872) → γ(q 1 )V (q 2 ) as
where ǫ µν is the polarization tensor for the tensor meson X(3872) satisfying the transverseness condition p µ ǫ µν (p) = 0 and the traceless condition ǫ µ µ (p) = 0. q is defined as q = q 1 −q 2 and q i satisfies the transverseness condition q i ·ǫ(q i ) = 0. In terms of the factors α (i) XV γ defined in Eq. (30), one can express the partial width for the radiative decay of X(3872) → γV as
where P * γ is the three-momentum of the decay products. The coefficients C ij XV γ are functions of m X and m V . We give their explicit forms in Appendix A. To get this partial width, we have applied the sum of the polarization vector for tensor meson [63] 
where
. In our present work we study the radiative decays of X → γJ/ψ and X → γψ(2S). The relevant diagrams are illustrated in Fig. 2 . After standard computation, we can yield the numerical results for the partial widths. Both of them depend on the size parameter Λ X and the mixing angle φ, or equivalently, θ.
B. Strong X(3872) → J/ψh decays Next, we study the strong decays of X(3872) → J/ψh with h as light pseudoscalar mesons
Measurements of the invariant masses of pions indicate that these processes happen through X(3872) → J/ψρ for the X(3872) → J/ψπ + π − decay [1, 4, 9] but X(3872) → J/ψω for the X(3872) → J/ψπ + π − π 0 decay [6, 7] . So that in the following calculation, we only take into account the decays via light vector meson exchange. Explicitly, we consider the processes X(3872) → J/ψρ 0 → J/ψπ + π − and X(3872) → J/ψω → J/ψπ + π − π 0 . Generally, one can write the matrix elements of these decays as
where V is the intermediate light vector meson with m V and Γ V as its mass and total width respectively. q 1 is the momentum for the intermediate light vector meson V .
with ǫ σ as the polarization vector of the vector meson. The matrix element M α (X → J/ψV ) relates to the matrix element for the decay X → J/ψV . Taking into account the transverseness of the polarization vectors and symmetric property and traceless of ǫ µν , we write the general form of M α (X → J/ψV ) as
where in this expression, p is the momentum of X(3872) and q = q 1 − q 2 with q 1 and q 2 as the momentum of the intermediate light vector meson V and the final vector meson J/ψ respectively. To write down this general form, we have considered that both
In our calculation of the form factors G (i)
we have taken into account the diagrams illustrated in Fig. 3 .
Using Eq. (33) one can write the differential decay rate into J/ψh as a function of the invariant mass q 1 of the hadron h as
where the physical region of q 1 is m h ≤ q 1 ≤ m X −m ψ and the coefficients C ij are given in Appendix B 1. dΠF (V → h) is the Lorentz invariant phase space integral for V → h decay. For the ρ 0 → π + π − decay we have
In the case of ω → π + π − π 0 decay, this process has been studied in Refs. [64] [65] [66] using the hidden local symmetry formulism. But in this formulism, the matrix element depends on two unknown parameter combinations, c 1 − c 2 − c 3 and c 3 , explicitly,
where g = 5.80 ± 0.91 is the coupling constant introduced in the gauge of the hidden local symmetry and D ρ (q 2 ) is the propagator for ρ meson which is normalized as D ρ (0) = 1 and at the leading order
Since it is a formidable work to determine these two combinations in this paper we use the values determined in Ref. [17] which are provided in Appendix C.
The decays X(3872) → χ cJ π 0 (J = 0, 1, 2) are important and the measurement of these processes can discriminate between the charmonium and the molecular interpretation of X(3872) in the case of J P C = 1 ++ [67] . We expect that this holds for J P C = 2 −+ case. In this subsection, we devote to study these processes. Generally, the matrix elements for these processes can be written as
where in Eqs. (42) and (43) q is the momentum of χ c1 and χ c2 but in Eq. (41) q = q 1 − q 2 with q 1 and q 2 as the momenta of the final states. In our explicit calculation of the effective coupling constants G XχcJ π 0 , we include the diagrams illustrated in Fig. 4 . With the general expressions for the matrix elements, one can express the general forms of the partial widths as
2 is the Källen function and P * χcJ is the three momentum of the decay products. The coefficients C ij Xχc2π 0 is given in Appendix B 2.
IV. NUMERICAL RESULTS AND DISCUSSIONS

A. Parameter fitting
In the present analysis, because of the uncertainty of the X(3872) mass measurement, we take the binding energy defined in Eq. (14) as ∆E = 0.5, 1.0 and 1.5 MeV. Then in our model, there are two parameters, i.e., the mixing angle φ between the isospin singlet and isospin triplet components and the size parameter Λ X . In the numerical calculation, since we have no prior information from QCD, we take these two parameters as free ones to fit the following data
B(X(3872) → γJ/ψ) B(X(3872) → J/ψπ + π − ) = 0.14 ± 0.05 Belle [7] , 0.33 ± 0.12 BaBar [8] .
We scan the mixing angle φ from 0
• to 90
• with a step of 1 • and the size parameter Λ X from 0.1 to 3.0 GeV with a step of 0.1 GeV. As an illustration, we plot the mixing angle φ dependence of the branching ratio Γ(X → γψ(2S))/Γ(X → γJ/ψ) at three typical values of Λ X = 2.4, 2.7 and 3.0 GeV in the case of ∆E = 0.5 MeV in Fig. 5 . This figure shows that any values for φ cannot yield the ratio for Λ X = 2.4 GeV case, while the range for φ is constrained for Λ X = 2.7, 3.0 GeV. In this way we determine the range of the two parameters using the data in Eqs. (47, 48, 49) .
In Table. I, our results of these two parameters which can reproduce the data within 1σ together with the values of relevant branching ratios are given. As can be seen, we can reproduce the data in the first two columns and the Babar data in the third column quite well but we cannot get the result of Belle. Also listed in Table. I are the values of the ratio B(X(3872) → γψ(2S))/B(X(3872) → J/ψπ + π − ) which was measured as
Taking into account this ratio, one can see that the smaller values of the mixing angle φ are preferred. So in the following, we restrict ourselves to the case with φ = 9
• . In Table. II we present our numerical results of the relevant coupling constants g From these results we conclude that the effective coupling constants are stable against the size parameter Λ X . Once comparing with Ref. [32] , one may find that our results for the coupling constants are bigger than the corresponding ones given there. This can be interpreted as the following: In our case, X(3872) has quantum numbers J P C = 2 −+ so the coupling between X(3872) and its constituents DD * is in P −wave. Compared with the case that X(3872) has quantum numbers J P C = 1 ++ , it needs stronger attractive interaction to compensate the repulsive interaction induced by angular momentum.
Our result of the small mixing angle implies that the isospin singlet component is dominant. Explicitly, one can write the wave function of X(3872) in terms of the isospin basis as 1.0 ± 0.4 ± 0.3 [7] 0.14 ± 0.05 [7] 1.1 ± 0.4 [8] 0.33 ± 0.12 [8] From this one might think that decay X → J/ψπ + π − would be strongly suppressed compared to X → J/ψπ + π − π 0 decay. However, this is not the case. One can understand this as the following: Concerning the fact that the mass of X(3872) is around the threshold of J/ψV and following Ref. [17] one can simplify the matrix element (35) into the approximate form
So that, in terms of the effective coupling constants G Xψω and G Xψρ the ratio B(X → J/ψπ
where dΠ denotes the phase space integral. If one naively use the wave function (51) one can get |G Xψω | 2 /|G Xψρ | 2 ≃ Fitted parameters φ and Λ X and the corresponding branching ratio related to the data. 
More precisely, without including the difference arising from the loop integrals in Fig. 3 , one can yield
where we have used the numerical results of Table. II and Eq. (16) . From this we yield B(X → J/ψπ
0 which is consistent with the experimental data given in (48).
B. Partial widths for decays with J/ψ or ψ(2S) in the final states
In Table. III we give partial widths for decays with J/ψ or ψ(2S) in the final states. From this we see the partial widths are of order of KeV. These partial widths have been computed in the case that X(3872) has positive parity [17, 18, 32, 33] . For the strong decays X(3872) → J/ψπ + π − and X(3872) → J/ψπ + π − π 0 , it was found that the decay widths are around 50 KeV which are both about one order larger than our present results. But for radiative decays, the results depend on model closely. In the case that X(3872) with quantum numbers J P C = 1 ++ is a bound state of mesons [18] , the radiative decay widths are of order KeV which are at the same order as our present results, while if X(3872) is a mixing state of molecule (without the charged DD * components) and charmonium component [32] , the decay width of X(3872) → γJ/ψ is found to be of 100 − 200 KeV which is much larger than that computed from the hadronic molecule assumption. In Ref. [33] , an admixture model of molecule with the charged DD * components and the charmonium components was applied to study the radiative decays, the similar results as ours were yield.
The inclusion of other components as was done in the case that X(3872) has quantum numbers J P C = 1 ++ may change our results. One possibility is to include J/ψω and J/ψρ in the wave function [26, 32] . This may increase the magnitudes of the strong decay widths and the results depend on the probability of J/ψω and J/ψρ in X(3872) even in the case that only the long distance effect is considered. In this sense, if the strong decay widths for tensor X(3872) are observed bigger than our present results, one may conclude that the tensor X(3872) cannot be a pure DD * molecule and other component should be included. Another possibility is to regard X(3872) as a mixing state of cc and DD * . One may borrow the lesson from the X(3872) with 1 ++ case [18] to naively expect that this change of the wave function of X(3872) may improve the magnitude of radiative decay width of X(3872). Of course, in case other constituent is included, the probabilities of the relevant components should be fitted from data again so the magnitudes of the partial widths should be studied in detail.
From these discussions, we would like to stress that the precise measurement of the strong decay widths can provide some clues on the structure of X(3872). As was discussed in subsection III C, we expect that the measurement of the decays X(3872) → χ cJ π 0 (J = 0, 1, 2) can discriminate between the charmonium and the molecular interpretation of X(3872). With the expressions given in subsection III C and the parameters fixed in subsection IV A, the decay widths of X(3872) → χ cJ π 0 can be calculated explicitly. Table. IV is the summary of our numerical results.
From this Table, one may find that the partial width of decay X(3872) → χ c2 π 0 has a strong dependence on the size parameter Λ X . This can be understood as follows: From dimensional analysis, in Eqs. (41, 42, 43) , only G
Xχc2π 0 , which gives the dominant contribution to this process, has a positive mass dimension so it strongly depends on Λ X .
From Table. IV, one can yield the following ratio of the partial widths
which indicates that, compared with the decay X → χ c0 π 0 , X → χ c1 π 0 is strongly suppressed. From the expressions for the partial widths, using the expressions for the coupling constants in Eqs. (19, 21, 22) , one naively has the ratio
which can approximately explain the ratio (55) . Similar to the discussions given in the previous subsection, the introduction of other components may change our numerical results. In case of the cc component is included, the magnitudes for the partial widths might be changed but the ratio for the partial widths must be kept since the cc component is a definitely isospin singlet so it does not contribute to the isospin violating decays X(3872) → χ cJ π 0 . The same conclusion can be drown if J/ψω are constituents of X(3872). However complication arises if X(3872) has a J/ψρ component as was done for J P C = 1 ++ [32] . This is because the component J/ψρ gives a contribution to the isospin violating X(3872) → χ cJ π 0 decays. From this, in the case X(3872) with J P C = 2 −+ , the strong suppression of the decay X(3872) → χ c1 π 0 compared with the decay X(3872) → χ c0 π 0 may signal the pure DD * molecular structure of X(3872).
V. CONCLUSION
In this paper, by regarding the hidden charm state X(3872) as a DD * bound state, we studied its radiative and strong decays in the effective Lagrangian approach. We find, with an approximate probability of 97.6% isospin singlet component and a 2.4% isospin triplet component, the ratios B(X → γψ(2S))/B(X → γJ/ψ) by Babar [8] ,
by Belle [7] and B(X → γJ/ψ)/B(X → J/ψπ + π − ) by Babar [8] can be explained consistently, but the ratio B(X → γJ/ψ)/B(X → J/ψπ + π − ) by Belle [7] cannot be reproduced. We would like to stress that, in case of X(3872) as a tensor meson, few percent of isospin one component of X(3872) in the wave function can accommodate the large isospin violating partial width since the phase space of the decay X(3872) → J/ψπ + π − π 0 is about one percent of that of the decay X(3872) → J/ψπ + π − . With respect to the data, we fixed both of the parameters φ and Λ X in our model, so that all the partial widths can be calculated explicitly. We calculated the strong decays X(3872) → J/ψπ + π − π 0 , X(3872) → J/ψπ + π − , X(3872) → χ cJ π 0 (J = 0, 1, 2) and radiative decays X(3872) → γJ/ψ, γψ(2S). For the strong decays X(3872) → J/ψπ + π − and X(3872) → J/ψπ + π − π 0 , our results are several KeV which are both around one order smaller than the case X(3872) with J P C = 1 ++ . For radiative decays, our results are both of order KeV. They are at the same order as those in the case that X(3872) with J P C = 1 ++ is a bound state of mesons [18] , while much smaller than those obtained in the case that X(3872) is a mixing state of molecule and charmonium component [32] .
For the X(3872) → χ cJ π 0 decays, we found that, compared with the decay X(3872) → χ c0 π 0 , the X(3872) → χ c1 π 0 decay is strongly suppressed. The experimental observation of this suppression may be a signal of the pure DD * molecular structure of X(3872).
Concerning the lessons from the study of X(3872) with J P C = 1 ++ , we naively expect that the inclusion of other constituent in the wave function may change our numerical results of the relevant partial widths. Explicitly, the inclusion of J/ψω or/and J/ψρ components may increase some partial widths for the strong decays while the inclusion of cc component may increase the partial width for radiative decay. As was noted, our above calculation cannot yield the ratio B(X → γJ/ψ)/B(X → J/ψπ + π − ) by Belle [7] although we reproduced this ratio by Babar [8] . If the Belle value is preferred in the future experiment, in the molecular interpretation, we should include other constituents. We leave this inclusion of other constituents in our future work.
Taking into the quantum numbers of X(3872) and its constituents, the coupling between X(3872) and DD * is via P −wave. We would like to mention that, although the meson exchanging model calculation indicates that it is difficult to form a DD * molecule via P −wave coupling [31] , we think that it deserves systematically and seriously analysis of the exchanged hadrons and coupling channel effects. In the present analysis, we do not consider origin of the binding force but regard X(3872) as a P −wave bound state of DD * . In conclusion, by regarding that the hidden charm meson X(3872) with J P C = 2 −+ is a DD * P −wave bound state, we found that our model with dominant isospin zero component can explain the existing date quite well. We also predicted the partial widths for X(3872) → γJ/ψ, X(3872) → γψ(2S), X(3872
Comparison of these values with the future experiments will shed a light on the nature of X(3872). Here, we present the nonvanishing coefficients C ij Xψnγ for the radiative decay of X(3872) → γψ n with ψ 1 = J/ψ and ψ 2 = ψ(2S): 
where λ = (m
Appendix B: Explicit forms for the functions C ij for strong decays.
1. Explicit forms for the functions C ij XJ/ψV for X(3872) → J/ψh decays.
In this subsection, we list the nonvanishing coefficients C 2. Explicit forms for the functions C ij for X(3872) → χc2π 0 decay.
Here, we present the nonvanishing coefficients C 
